Purpose. To compare percutaneous transpedicular vertebroplasty using calcium phosphate cement (CPC) versus conservative treatment for osteoporotic vertebral fractures. Methods. Eight men and 28 women aged 61 to 99 (mean, 80) years with osteoporotic vertebral fractures underwent percutaneous transpedicular vertebroplasty using CPC. During the same period, 6 men and 32 women aged 53 to 93 (mean, 77) years underwent conservative treatment. The indication for vertebroplasty was a painful unstable fracture, with mobility of the vertebral body shown on flexion and extension lateral radiographs. Fractures without mobility despite deformity were treated conservatively. Results. In the vertebroplasty group, all patients benefited from reduced back pain immediately after surgery, and pain relief was maintained at the latest follow-up. However, correction loss continued until
one month after the operation. The mean visual analogue score for pain decreased significantly from preoperation to one day after surgery (9.3 vs. 6.2, p=0.02), and further decreased to 2.8 (p=0.04) on day 3 or 4 when ambulation began, and to 1.5 at the onemonth follow-up and 1.4 at the final follow-up (mean, 14 months). The mean duration of analgesic treatment was significantly shorter in the vertebroplasty than conservatively treated group (10.2 vs. 63.5 days). All patients in the vertebroplasty group achieved bone union, with no adjacent vertebral fractures. However, in patients having conservative treatment, there were 2 adjacent vertebral fractures and 4 pseudarthroses, and the collapse continued for several months. Conclusion. Percutaneous transpedicular vertebroplasty using CPC achieves immediate pain relief and reduces the risk of vertebral body collapse and pseudarthrosis among elderly patients with osteoporotic vertebral compression fractures.
INTRODUCTION
Augmentation of the vertebral body, also known as vertebroplasty, by percutaneous polymethylmethacrylate (PMMA) injection is useful for elderly patients with osteoporotic compression fractures. [1] [2] [3] [4] [5] Several new biological bone cement substitutes have been developed and proved to be useful. [6] [7] [8] [9] Calcium phosphate cement (CPC) can be prepared as an injectable paste. 10 The compressive strength of CPC is lower than that of PMMA (80 vs. 99 MPa), 7, 11, 12 but both were greater than in osteoporotic vertebral bodies.
MATERIALS AND METHODS
This study was approved by the ethics committee and the institutional review board of our hospitals. Between April 2003 and March 2006, 8 men and 28 women aged 61 to 99 (mean, 80) years with unstable (mobility of the vertebral body on flexion and extension lateral radiographs) thoracic or lumbar osteoporotic vertebral fractures underwent percutaneous transpedicular vertebroplasty using CPC. All patients complained of back/low back pain and difficulty in sitting and standing, but none had neurological deficits. Three of 36 patients had 3 vacuum clefts. The injury mechanism in 24 patients was associated with trivial trauma (falling on the buttocks or stooping); 6 denied any trauma and were considered to have had spontaneous osteoporotic fractures; and the remaining 6 were due to unknown aetiology. During the same period, 6 men and 32 women aged 53 to 93 (mean, 77) years with stable osteoporotic vertebral fractures underwent conservative treatment. Haematomas, soft tissues or vacuum clefts were identified, and tumours or infections were ruled out using magnetic resonance imaging.
Bone mineral density of patients in both groups was compared (Table) . The kyphosis index of the vertebral body was measured on flexion-extension lateral radiographs, expressed as the percentage of vertebral body height at the anterior region compared with its height at the posterior region. The mobility ratio was defined as the difference between the kyphosis index in extension and flexion. The deformity angle was also measured on flexionextension lateral radiographs, expressed as the angle formed by the upper and lower ends of the anterior vertebral body.
The pre-and post-operative kyphosis index and the deformity angle of the vertebral body were compared using the paired t-test. A p value of <0.05 was considered statistically significant. Bone union was determined by stability on flexion-extension lateral radiographs, persistence of the kyphosis index and deformity angle on the serial radiographs, and the presence of callus bridging on computed tomography.
Surgical techniques
The patient was placed in the prone position under general anaesthesia. A longitudinal incision was made bilaterally over the pedicles, and 2 guide pins were inserted percutaneously and transpedicularly. Both sides of the pedicle were fenestrated using a cannulated drilling system and a dilation technique. Prods (made from 3-or 4-mm Steinmann pins) were introduced into the vertebral body for reduction and spreading of cavity.
A 1-ml syringe was inserted into the cavity along the 3-mm Steinmann pin. After removal of the Steinmann pin, the syringe was used as a port. The vertebral body was irrigated by saline poured into one entrance pedicle and flowed out of the other (Fig. 1) . In cases where the inflow and outflow seemed unequal, leakage was checked during routine intravertebral injection of the contrast medium. In 2 cases suspected of leakage, the contrast medium was injected with the outflow blocked by the finger. CPC with a powder/liquid ratio of 2.8 to 3.3 was prepared and kneaded at room temperature for one to 3 minutes. The size of the cavity was usually <3 ml, but 6 ml of CPC was used as filler to prevent its dilution. In cases of confirmed leakage of contrast medium into the spinal canal, CPC was carefully injected under image intensifier guidance. CPC was introduced from the anterior to the posterior wall. The moment the CPC reached the posterior wall, injection was stopped. With the aid of fluoroscopic guidance, in some cases, injection was stopped when surplus CPC-stained blood entered the syringe in the opposite pedicle. Debris around the portal was removed, and the skin wounds closed.
RESULTS
The mean interval from injury to surgery was 11 (range, 1-22) days. The mean operating time was 30 (range 20-40) minutes. Intra-operative blood loss was insignificant. Ambulation was allowed after 3 or 4 days. In the vertebroplasty group, all patients showed reduced back pain immediately after surgery, and pain relief was maintained at the latest follow-up. The mean visual analogue score 13 for pain decreased significantly from preoperation to one day after surgery (9.3 [range, [9] [10] 
Kyphosis index and deformity angle of vertebral body
In the vertebroplasty group, the mean preoperative kyphosis index and deformity angle on flexion were 66% and 15º, respectively. The values improved to 89% and 4º immediately after surgery (p<0.0001 in both, paired-t test, Fig. 2 ), but at the one-month follow-up there was a correction loss and the values regressed significantly to 77% and 10º, respectively (p=0.004 and 0.0004, respectively). The values were unchanged at the one-year follow-up and compared favourably than those measured preoperatively (p=0.0003 and p<0.0001, respectively, paired-t test, Fig. 2) , with the mean improvement of 9% and 4º, respectively. Vertebral body collapse and pseudarthrosis appeared to have been prevented. Therefore, no adjacent vertebral fractures were encountered (compared to 2 in those underwent conservative treatment) [Table] .
At the one-month follow-up, patients in the vertebroplasty group retained a significantly better kyphosis index and deformity angle than those treated conservatively (p<0.0001 in both, unpaired t test). All cases in the vertebroplasty group achieved bone union, whereas among conservatively treated patients 4 developed pseudarthroses (p=0.02, Chisquared test and analysis-variance techniques, Table) .
Among the vertebroplasty group, 2 men and 16 women aged >80 (mean, 86) years had a correction loss after one month, compared to the remaining 6 men and 12 women aged ≤80 (mean, 73) years with little correction loss, based on the kyphosis index (p=0.0168, unpaired t test, Fig. 3 ).
Complications
No patient had temporary respiratory insufficiency during vertebroplasty. Three patients had a small amount of CPC leaked into the paravertebral muscle, but experienced no symptoms.
DISCUSSION
Adjacent vertebral compression fractures have been reported in PMMA balloon kyphoplasties [14] [15] [16] ; some authors advocate the use of CPCs to decrease the incidence of such fractures. 14 In a study of in situ vertebroplasty using CPC, advanced patient age, female gender, high bone mineral density, a short interval from injury to surgery, and injection via the unipedicular route may increase the incidence of CPC leakage. 17 In our series, the leakage rate was small (compared to 35% in that study), because our augmentation technique made space inside the vertebral cavity so as not to increase the pressure on filling the CPC bilaterally. When leakage was expected, CPC was injected very slowly in small amounts over a wider space under image intensifier guidance.
Postoperative correction loss after Biopex R-assisted in situ vertebroplasty has been reported. 7, 18 Although our patients were more senile and severely osteoporotic, height restoration using reduction and spreading prods was better than in those series of in situ vertebroplasty with neither reduction nor spacing the fracture site (Fig. 4) .
The presence of a haematoma and the low powder/liquid ratio of CPC decrease its compressive strength, 19 and may compromise the success rate. Therefore, new devices and techniques for percutaneous reduction and spacing of the vertebral body were used. The injection of CPC did not induce pressure elevation, which can cause pulmonary embolism and CPC leakage into the spinal canal. Moreover, the technique of using 1-ml syringes in the pedicles prevented CPC leakage into the spinal canal through pedicle fractures (if they existed).
In one study, cement leakage occurred in 41% and 9% of vertebrae treated with vertebroplasty and kyphoplasty, respectively. 15 In our series, CPC leakage was 8% and comparable to balloon kyphoplasty. Our method is more cost-effective than balloon kyphoplasty.
